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OF HORN AND OVERHANG BALANCES
O A FULI-SCALE EIEVATOR

. By Joseph W. Cleary and Welter J. EKrumm

’ _ SUMMARY

High—speed wind—tunnel tests have been conducted of horn— and
overhang-bslance elevators on a full<scale, semlispan, horizontal -
tail. The effects of unshielding the horn and of unsealing the - JAf +
overhang were investigated. K7

R

Analysis of the data shows that shielded-horn balances can hej/ PG
used advantageously to glve a positive rate of change of hinge—
mament coefficient with angle of attack, or when used in conJwfction
with an overhang balance toc limit this quantity to a small valus.
Although unshielding the horn caused considerasble overbalancing and
a relatively large positive rate of change of hinge-moment coeffi-
clent with angle of attack, these gquantities can bs regulated by
appropriately choosing the horn area and chord. Compresagibility < .-
caused elight overbelancing with the horn balance shilelded. The
overhang ha¥ing & balence chord 33 percent of the elevator chord
aft.of the hinge line d.id. not overbalance the elevator below a Mach
number of 0.825.

Removing the nose seal from the elevator caused a slight reduc—
tion in the elevator effectiveness but no important changes in the
elevator hinge moments.

In goneral, the elevator effectivensss decreased and the lift—
curve slope increased as the Mach number Incressed within the limits
of the tests.

INTRODUCTION

Various methods have besn devised for relleving the excessive
control forces experienced in airplanes when manesuvering et high
speeds. These methods usually incorporate some form of control-surface
balance the main functlion of which is to reduce the aerodynamic
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hinge-moment coefficlient and still give a desirable rate of change
of hinge-moment coefficient with angle of attack. Many of such
balancing devices are subJect to the adverse effects of compress—
1bility. These effects can be most accurately evaluated by testing
the actual control surface.

A full-scale semispean horizontal taill from a fighter ailrplane
wes tested in the Ames 16-foot high—apeed wind tunnel to investigate
the effectivensas of shielded-— and unshielded-horn and overhang
balences and to eveluate their effects on the floating characteristics
of the elevator at high subsonic Mach numbers.

Lift, drag, pitching moments, and elevator hinge moments were
measured. Critical Mach mumbers were determined at two stations from
moesurements of the chordwlse pressure distribution.

Large—amplitude vibrations and the resultant structural
deterioration limited the maximm Mach number to C.T5 for most of
the tests. For tests with a reduced semispan, however, the maximum
Mach number was extended to 0.825. The Reynolds number range
extended from 6,400,000 to 16,900,000 as shown in figure 1.

~ APPARATUS
The full-scale semispan tail was mounted in the Ames l6-foot
high—-speed wind tumnel as shown in figure 2. The gap between the
tunrel wall and the root of the tall was approximately 0.12 inch.

The effects of leskage between the tunnel and the test chamber were
minimized by an end plate.

The tail was formed to the NACA 0012-6k4 airfoill section modified
to 10.64-percent thickness by extending the basic chord. Straight
lines extended from 63 percent of the chord to the trailing edge,
forming a flat-sided elevetor having an included angle at the
trailing edge of 11.8°.

The various elevator balances tested were modlfications of
the basic overhang balance. These elevator balances, as illustrated
by figure 3, included & plein overbhang with and without a shielded
tip, a shielded normel-nose horn, unshielded normal— and ellipticale
nose horns, and a plain overhang (sealed and unsealed) on a reduced
gsemispan tail. The unshielded elliptical-nose horn end the overhang
with the unshielded tip are shown in figure 4 as installed in the
wind tunnel.

The overheng balence had a chord of 33 percent of the elevator
chord aft of the hinge line. An elevator nose seal extended over
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the overhang—balance portion of the elevator unless otherwlse noted.
The gap between the elevator nose and.the stablilizer was 0.75 inch.
Teble I glves the pertinent dimensions end areas of the various
balances. The coordinates of the elevator-balance profiles are
presented in table IT. These coordinstes are plotted In figure 5
to show a comperison of the normal-nose and ellipticel-nose horns.

The stabilizer and elevator were fabricated from ribs and spars
of aluminum alloy riveted together and covered with a flush—riveted
aluminum—elloy skin. The surfaces were smooth but notlceable waviness
existed over both the stabllizer and the elevator.

The data were taken with the elevator set at fixed angles.
Elevator angles were measured at the root with a protractor mounted
on the stebilizer, and were later corrected for the deflection due
to alr loads. Elevator hinge moments were evaluated by measuring,
with a callbrated electric strein gage, the straln lmposed on = steel
cantilever restrgining arm.

Moasurements .of pressure distribution were made for all balances
except the elliptical-nose horn from orifices in chordwise rows on
the upper and lower surfaces of the taill at stations 52.6 and 108.0
inches from the root.

Lift, drag, and pliching moments were measured about the
trunnion with mechanical balances.

COEFFICIENTS AND CORHECTIONS

The coefficlents used in this report are defined as follows:

. CL lift coefficient (L/qS)
Cp dreg coefficient (D/gS)
Cm pitching—moment coefficient (M/qS M.A.C.)
Chg elevator hinge-moment coefficient (He/q_ be ?)
P pressure coéfficient <p°—q_—@)
where
L total l1ift, pounds

D- total dreg, pounds
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pitching moment about the 25-percent point of the M.A.C.,
foot~pounds

elevator hinge moment about the hinge line, foot—pounds

free—stream dynaemic pressure (1/2pVZ), pounds per square
foot

mess density,'slugs per cubic foot
free—ptreem velocity, feet per second

total area of the semispan tail, square feet
semispan of the horizontal tail, feet

mean serodynamic chord, feet

elevator srea aft of the hinge line (one elevator), square
feet

mean square chord of elevator aft of the hinge line, square
feet Co

elevator span (one elevator), feet
local static pressure, pounds per square foot

free—stream static pressure, pounds per square foot

In asddition, the following symbols are used:

aspect ratio
taper ratio
Pree—gtream Mach number

critical Mach number (the Mach number at which the flow over
the model first reaches the velocity of sound)

Reynolds number
engle of attack of the tall, degrees

elevator angle, degrees
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x/c fractional part of chord
Cr, (30p/ox)ge =0, M

(3CL/%%e )
Cmg,  (3Cm/Be)a

o, M

0, M

Chy  (OChe/3a)se = 0, M
Chg~ (3Cn,/Be)q = 0, M

e

The subscripts outside the parenthesils represent the factors
considered constant during the measurement of the parameters.

Corrections for the effects of the tunnel boundary on the asro—
dynamic characteristics have been made by adding the following:

= 1,03 Cy, (degrees)

ACD = 0.0180 ¢12

Corrections to the pitching-moment and elevator hinge—moment
coefficients are small and have been neglected.

Blockage corrections due to the ‘tail have been applied to the
wind-tunnel Mach number and dynamic pressure calibrations.

DISCUSSION AND RESULTS
Aerodynamic Characteristics

Overhang balance with shlelded and unshielded tip.— Teasts were
made of the overhang belance to serve as a basis for evalusting the
aerodynemic characteristics of the horn balences. The tlp of the
balance was then unshielded to study the effects of compreasibility
on unshielded balances. Figures 6 to 9 present the variation of
lift, drag, and pltching-moment coefficients with Mach number for
the overhang balences with shielded and unshielded tip. Parameters
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expressing the veristion of the lift-curve slope Cly» elevator
effectiveness ade, and the rate of change of pltching-moment
coefficient and lift coefficlent with elevator angle Cmg, and
C_r_,ge are presented in figure 10.

No adverse changes occurred in the variation of 1ift, drag, and

pitching-moment coefficient with Mach number below the limit of 0.75.

For the shielded dverhang beslance, - Cf, increased from 0.68 at 0.30
Mach number to 0.87 at 0.75 Mach number while %e decressed from
0.034% to 0.024, These changes in the 1lift parameters produced a
numerical d.ecreaszain ase from —0.50 to ~0.28-for the same Mach
number range. Data presented in reference 1 for a similar elevator
balance also show a decrease in a3 for a similar range of Mach
mmbers, With the overhang tip unshielded, these effects became
more pronounced because of the lower critical Mach number of the
unshlelded sectlion. Table ITI presents a summery of the more
Important parameters which 1lllustrate these effects.

The minimm drag coefficient of the tall with either balance
wes approximeately 0.0095. The perceptible rise in drag coefficient
(fig. 8) with the overhang tip unshilelded at spproximately 0.65 Mach
number is attrlbuted to the lower critical Mach number of the
unshielded section.

The static longitudinal stebility of the tail —(dCm/3CL)M
for both balances was only salightly affected by changes in Mach
nunber within the range of the tests. As a result of unshlelding
the overhang tip, —(OCm/OCL)M was altered from a slight negative
to a positive value. This change 1s attributed to a rearward shift
of the serodynamic center.

The hinge—moment coefficlents for the two elevator balances
are presented in figure 11, while the variation with Mech number of
the rate of change of hinge—moment coefficlient with engle of attack
and elevator angle (Ch, and Chae) are shown in figure 12.
Table III presents a summery of values for Cn, and Ch5e for all
the balances. From the data presented, 1t appears that the principal
offect of compressibility on the hinge-moment characteristics was a
numerical increase in Cha,e for both the shlelded and wunshlelded
overhang balancea. Although the balance effectivensss was increased
at low Mach numbers by unshlelding the tip, no partliculsr advantage
was observed at the higher Mach numbers.

Effect of seal on the overhang balance.-~ The serodynamic
characteristics of the sealed and unsealed overhang balance are
precented in figures 13 to 17. Values of the principal peremeters
which signify these characteristics are tabulated in table IIT for
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Mach numbers of 0.30 and 0.75. Removing the seal from the overheang
balance reduced the lift—curve slope Ci, s8lightly at all Mach
numbers below 0.78. A reduction in CLs, ©of approximately 5 percent
occurred for Mach numbers below 0.825. A corresponding reduction in
g, of approximately T percent occciuxrred.

The elevator hinge-moment characterlstics, as presented by
figures 18 and 19, show a stable variation of Chg, &t all Mach
numbers. With the overhsng sealed, chﬁe increased numerically
from —0.0040 at 0.30 Mach number to ~0.0058 at 0.825 Mach number, an
increase of approximately 45 percent. Unsealing the elevator
decreased Chse for a limlted range of elevator angles at low Mach
numbers but the over—ell characieristics were not affected. The
parsmeter Cp, had e small negative value with the elevator sealed
or unsealed for all Mach numbers.

Effect of horn balsnces.~ A shielded normal-nose“horn was added
to the overhang to investigate the danger of overbslance with this
iype of balance at high Mach nwibers. The horn was then unshilelded
to determine what benefits might be galned. In order to allevliate
the large pressure peaks anticipated near the nose of the unshielded
normal-nose horn, additional teste were made wlth an elliptical-nose
horn. The force, pltching—moment, and elevator hinge—momsnt charac—
terigtics for the horn balances are presented in figures 20 to 28 and
a summary of these characteristics is given in table TIIT.

Adding the shielded horn to the overhang did not appreclably
affect the 1lift, drag, or pltching-—moment characteristics of the
tail. The numsrical increases In CL5e and o, are attributed to
the increased area of the elevator. Unshielding the normal-nose horn,
however, ceused a l2-percent increase in Cr, at 0.70 Mach nunmber.
Unshielding the horn lowered the critical Mech humber of the horn
sectlon, thus activating compressibility effects at a lower Mach number.

These effects of compressibility on the 1ift characteristics
of the unshielded horn caused an appreciable increase in --{3Cn/dCT,)M
when the Mach number was lncreased from 0.20 to 0.75. The asrodynamic

center of the tall was shifted rearward. This gshift was in addition
to that which occurred when the horn was unshlelded.

A comparison of figures 1l and 27 shows that the shielded normal—
nose horn is a powerful .means of crestlag aserodynamic balance at elevator
engles greater than +2%4and less than #1Q°. Slight overbalancing -~
occurred for some angles of attack at all Mach mumbers. However, within
the range of Mach numbers of the tests, the effects of compressibility
on the hinge—moment characteristics do not sppear too severe. The low
value of Cp,, a8 lndicated by figure 28, is attributed in part o

3

it ("\
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-’-\ﬁ the balancing properties of the overha.ng Without the overbang as an
» additional balance, 1t is possible Cp, would assume a significant
r positive value (reference 2).

It is apparent from the hinge-moment coefficlents for the horn
balances that additionsl balance can be geined by unshielding the
horn. This additional balance appears to decrease with Increasing
Mach number, However, the effects of compressibility are not
conclusive in view of the limited Mach number range. As will be
shown later, large pressure pesks occur over the horn. With the horn
unshielded, these peaks are sensitive to changes in elther elevator
angle or angle of attack. Consequently, a large positive value of

(0.0072 at 0.30 Mach nunmber with the normal—nose horm) occurred
with the horn unshielded. This condition, as would be expected,
becomes more pronounced at the higher Mach mumbers. Altering the
normal-nose horn to an elliptical section, or effectively decreasing
the nose redius, proved to be of little value for cha.nging either

Cng, or Ong, -

Although overbalencing occurred with either unshielded horn,
the overhang with the unshielded tip did not overbalance for the
Mach numbers of the test. It is apparent, therefore, that by an
appropriate selection of unshielded-horn-balance aree and chord,
overbalencing can be eliminsted to a Mach mumber of et least 0.75
while some choice of Ch, and Chae can be retained.

Distortions of the Tail

In connection with the aerodynemic characteristics of the tail,
the effects of surface dlstortions and structural failures should be
considered. At high Mach mumbers, noticeable wrinkling of the
surfaces and twisting of the stabllizer and elevator were observed.
These distortions appeared most severe with the horn unshielded. It
is reasonsble to assume, therefore, that the effects of Mach number
es presented in the figures are dues to a combination of compressibility
and taill distortion. Several structural failures of the model may
have caused some misallnement and warping of the surfaces. The
unsymetry of part of the data may be a result of these structural
faillures.

Critical Mech Numbers

Figures 29 and 30 pressnt the chordwise pressure distribution
over the overhang balance. Pressures over the shielded and
unshielded normel-nose horn are presented in figures 31 to 34. Both
the overhang and horn balances developed pressure peaks well forward
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of the elevator hinge line. These pressure peaks were the source of
the large amount of balance developed by the horn balances. It is
apparent from the pressure data that the unshielded normal-nose horn
was sensitlive to changes in either elevator angle or angle of attack.
This sensitivity is the reason for the large positive value of Chy
that occurred with the unshielded balances.

The critlcal Mach numbers of the varlous balances are shown in
figure 35 for 0° angle of attack and several elevator angles. Since
the critical Mach numbers were not reached for some balances at
elevator engles near O°, the data have been extrapolated when neces—
sary. The critical Mach number of the shielded horn and overhang
balences at O° elevator angle was approximately 0.79. Deflecting
the normel-nose horn balance lowered its critical Mach mumber at
e more rapld rate than for any of the other balances. Unshielding
the normal-nose horn reduced its critical Mach number approximastely
28 percent at 0° elevator angle. A similar reduction occurred when
the overhang tip was unshielded.

No significant changes occurred In the spanwise variation of
critical Mach number when the overhang balsnce wae employed.
Unsealing the overhang did not alter its critical Meck number
appreciably.

CONCLUSTIONS

The results presented 1n this report lead to the following
conclusions:

. l. The overhang balance having & chord equal to 33 percent
of the elevator chord aft of the hinge line showed an inorease of
approximately 45 percent for the numerical rate of change of elevator
hinge—moment coefficient with elevator angle Cps, between Mach
nunbers of 0.30 and 0.825. Removing the sesl frof thie balance
reduced the elevator effectiveness a3, epproximately T percent at

2ll Mach numbers.

2. Shielded-horn balances can be used advantageously to give
a positive value of the rate of change of hinge-moment coefficient
wlth angle of atteck or when used in conjunction with an
overheng balance to limit Cp, to a small value. They are a
powerful mpans of developling serodynamic balance at low and high
subsonic Mach numbers.

3. Unshlelding the horn caused overbalancing and a large
positive velue of Op,. However, overbalancing can be eliminated
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by the proper selection of horn balance area and chord with soms
choice of Cn, being retained.

4, The rate of chenge of 1lift coefficient with elevator angle
CI-Be and the elevator effectivensse ap, decreased for both horn

and overhang balances as the Mach number was increased.

Amesg Aeronsutical Iaboretory,
National Advisory Committee for Asromautics,
Moffett Field, Celif.
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TABLE I~DIMENSIONS

OF THE FULL-SCALE SEMISPAN HORIZONTAL TAIL

bt |5sqrtimac, | A A |8, tt]5,s9r ¢} sq

Overhang balance 992 444 4.58 443 o5&/ 838 1L /.40
Ovsrhang balance with
unshislded Hip 992 | 423 | 468 | 465 |oser | 938 | 1 | 140
Shislded normat-ne
Samded dormal-nose hort | g9 | 4aa | 458 | 443 (a5 | 938 | 1t | 140
Unshiefded normal-nose
horn balance 292 | 430 | 464 | 457 |os52r | 938 | e | 140
Unshislded elliplical-nose
born. batoncs 992 | 43.0 | 464 | 457 |oser | 938 | 1t | 140
o
e e o 854 | 398 | 476 | 367 |os68 | s.05 | as0 | L4
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TABLE IT—ELEVATOR GOORDINATES IN INGHES FOR THE SEMISPAN

HORIZONTAL TAIL AT STATION [08.C INCHES. SEGTIONS
ARE SYMMETRICAL ABOUT THE CHORD LINE,

21

Normal-nose horn Elliptical-noss horn
Owverhang balance balance bala
Distance | Ordinate Distance | Ordinate Distonce | Ordinate
from L-E. from L-E. from L.E,
0 0 0 0 0 o
0.238 | o970 0.296 | L080 0.05 0.246
476 1218 594 | 1378 55 .802
950 1.490 1.164 1712 .05 1.083
1424 1.636 L1776 1.932 2.05 1443
1.900 | L696 2376 | 2006 405 1.8/5
2850 | /690 3522 | 2075 6.05 1922
3800 | 1680 4.740 2.030 8.05 1.815
7 4532 | Le30 8420 | 1748 8.420 | 1748
19.00 |TER .0941 bogee | 1630 b 9662 | 1630
WATIONAL AGVISORY 24938 [TER .094 24.938 |TER 094
GOMMITTEE FOR ALROMAUTICE

a Stralght lines from station 4.532 Inches 1o ftralllng edge rodius.
b Straight lines from stallon 966Z Inches to frailing edge rodius.
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TABLE I—SUMMARY OF THE ELEVATOR CHARACTERISTICS

Elevator hinge-moment
Balance  1ype | costficient Cloe O, X, Chye Chg
Me 030 o5 0.30 |o.75 a0 \a7s |030 (075 |30 |75 30 |0.75
f— S
%lmmw l\s, M |a.068 0067 | 0034 [0.024 | 050 |-0.26 |0.0010\0.0010-00043]00080
5 Overhang, 069 036 | .02 |~53 -0003 r0.00271-006 8
unshielded Ip
= : .I ‘m) - s -
— 063 | .074 }.032 §.024)|-.51 |=33 |=.0008|-.0008~0040)-.0056
V Overhang, N — = :
reduced semispon N\ ' ~—
Unsealed N 086! | 072 |.030 | .02F |49 |=.31 0005 ~00092|=0030|~0057
overhang, reduced
A sem/ispon
Shielded S‘r‘ .069_ 088 | .036 | .03/ [=.52 |~.36 | .000/} | 0005 |~.0028|~0034
normal-nose horn
Unshielded e e 070 038 -5 0072 -00£8)
E |-
normol-nose horn MATIONAL ADVISORY
COMMITTEE, FOR AEROHAUTICS
5m,,,,,,d,d -—4’———+— .071 | -097 | 037 .034 |~.52 |~ .36 .0071] .0099| .0026|-.0003
elliptical~nose horn
Note — Values of pgrametsrs are for O and 6, of 0%
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Figure [ — Approximafte varifation of les! Reynolds number with Mach
number for the semispan horizonfal tail in the Ames [6-foot
high-speed wind tunnel.
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(a) Front view.
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(b} Rear view.

Figurs 2.— The horizontal tail with the shieldsd-~horn—balance elsvator.
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Figure 3.— Elevators tested on the semispan horizontal ftail. A= e 74
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(2) Unshielded elliptiocal-nose horne

{0-31-46

(b) Overheng with unshielded tip.
Figure 4.— The horizontal tail with two unshielded-~balance elsvators.
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Figure 8. — Lift, drag, and pitching-moment coefficients for the
semispan horizontal tafl with the overhong-balance elevator having

an unshielded tip. &g, O°
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Figure 10 — Variation of pitching moment, lifl, and elevalor—effectiveness
parameters with Mach number for the overhang-balance elevator
with and without a shielded lip.
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